The fluctuations in the quantum spectrum could be treated like a time series. In this framework, we explore the statistical self-similarity in the quantum spectrum using the detrended fluctuation analysis ͑DFA͒ and random matrix theory ͑RMT͒. We calculate the Hausdorff measure for the spectra of atoms and Gaussian ensembles and study their self-affine properties. We show that DFA is equivalent to the ⌬ 3 statistics of RMT, unifying two different approaches. We exploit this connection to obtain theoretical estimates for the Hausdorff measure. The fluctuations in physical systems carry important information about the system. In the context of quantum systems, the spectral fluctuations reveal whether the corresponding classical dynamics is regular or chaotic or a mixture of both ͓1͔. It is well known that for the classically regular systems, the quantum eigenvalues are uncorrelated, while for the chaotic systems the eigenvalues tend to display a certain degree of correlation, which is dictated by the symmetry properties of the system such as the presence or absence of rotational and time reversal invariance. Typically, the spectrum of high dimensional quantum systems such as atoms, molecules, and nuclei belong to the latter class. This equivalence between the nature of classical dynamics and spectral fluctuations in the corresponding quantized system is generally through an analogy with random matrix ensembles ͓1͔ and has been verified in many simulations and experiments ͓2͔.
The fluctuations in physical systems carry important information about the system. In the context of quantum systems, the spectral fluctuations reveal whether the corresponding classical dynamics is regular or chaotic or a mixture of both ͓1͔. It is well known that for the classically regular systems, the quantum eigenvalues are uncorrelated, while for the chaotic systems the eigenvalues tend to display a certain degree of correlation, which is dictated by the symmetry properties of the system such as the presence or absence of rotational and time reversal invariance. Typically, the spectrum of high dimensional quantum systems such as atoms, molecules, and nuclei belong to the latter class. This equivalence between the nature of classical dynamics and spectral fluctuations in the corresponding quantized system is generally through an analogy with random matrix ensembles ͓1͔ and has been verified in many simulations and experiments ͓2͔.
Recently a different approach has been suggested. It is possible to consider suitably transformed eigenvalues of a quantum system as a time series. Then, using time series analysis methods, it was shown that the quantum systems display f −␥ noise where 1 ഛ ␥ ഛ 2 depends on the classical dynamics in the system ͓3͔. In particular, for the chaotic systems the level fluctuations display 1 / f noise. So do the levels of complex nuclei ͓3͔. In contrast, for the regular systems we get 1 / f 2 noise. Hence, the spectral fluctuations can be characterized without reference to random matrix models. This is reminiscent of the following types of time series. In the Brownian motion or random walk time series x t , t =1,2, ... ,N, the successive increments of the series are uncorrelated. The variance of this process is var͑x͒ ϰ t 2H , ͑H =1/2͒, where H is the Hausdorff measure. In this case, the power spectrum gives rise to 1 / f 2 noise ͓4͔. Thus, regular classical systems with uncorrelated quantum levels are analogous to a series of Brownian motion path. On the other hand, one could also imagine a time series with 1 / f noise. There are many mechanisms and processes that produce 1 / f noise ͓5͔. In a chaotic system, the eigenvalues of the corresponding quantum system contain certain degrees of correlation and they display 1 / f noise. In this case, H = 0 and corresponds to a variance being time independent. In general, for 0 Ͻ H Ͻ 1,␥ =2H + 1. In terms of the exponent H, our interest is in the regular ͑H =1/2͒ and chaotic limits ͑H =0͒ for the fluctuations of the spectral time series. This region 0 Ͻ H Ͻ 1 / 2 corresponds to an antipersistent time series, i.e, the one that has opposing trends at successive time steps. Visually an antipersistent time series presents a very rough profile as compared to the H =1/2 series. In fact, H is also used to characterize the roughness of surfaces and profiles.
Such an antipersistent series is also a self-affine fractal and displays a statistical self-similarity that scales differently in different directions. Mathematically, it implies y͑Ht͒Ϸt −H y͑t͒, where the symbol Ϸ represents statistical equality. Note that the power spectrum is a measure of the strength of frequencies in Fourier space but the fluctuation function and the Hausdorff measure, taken together, indicate the structure of the spectrum at various spectral scales. This structure is related to the classical periodic orbits of the system through semiclassical theories such as Gutzwiller's trace formula ͓6͔. Hence it is important to understand the selfaffine properties of the spectrum since they have implications at the level of classical dynamics of the system. The idea of characterizing fluctuations and their scaling is of interest in other areas as well. For instance, the surfaceheight fluctuations in the surface growth processes reflect the morphological changes that determine the physical and chemical processes such as crystal growth, metal deposition, etc. ͓7͔. Fluctuations in the Electroencephalogram series might tell us about the nature of physiological processes taking place ͓8͔. In all these cases, fluctuations and how they scale provide important clues to the physical processes under study. Hence, the results presented here have relevance in fields beyond quantum physics.
In this paper, we take the time series point of view for the quantum spectrum and compute the exponent H for levels of lanthanide atoms ͑Sm, Pm, and Nd͒ and random matrix theory ͑RMT͒ ensembles using detrended fluctuation analysis ͑DFA͒ method ͓9͔. Note that the value of ␥ does not necessarily guarantee a self-affine nature ͓10͔. We show that the DFA of order 1 is related to the ⌬ 3 statistics of RMT and exploit it to obtain theoretical fluctuation functions and H. We show that the time series of level sequences and a random time series both with the same value of H have the same fluctuation properties.
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